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Title: A novel family of protease inhibitors, and other 
biologic active substances 

The present invention relates to certain novel compounds 
which have protease inhibitory activity, as well as compounds 
derived therefrom and compositions comprising such compounds, 
and other biologically active substances. More specifically the 
5 invention relates to such compounds which are polypeptide -like 
or of a proteinaceous nature and of polysaccharide derivates 
and/or glyco-poly saccharide. The invention especially relates 
to such compounds and compositions and uses thereof obtainable 
from leeches. 

10 The invention further relates to therapeutic uses of the 

novel protease inhibitors. An illustrative example of such a 
use is given below. 

Several diseases, like emphysema, arthritis, gingivitis, 
periodontitis and other inflammatory conditions are associated 

15 with tissue destruction caused by the enzyme human neutrophil 
elastase (HNE) . HNE is a serine protease which is capable of 
solubilising fibrous proteins like elastin and collagen. HNE is 
mainly present in the azurophilic granules of neutrophil 
leucocytes. Under normal physiological conditions, the 

20 proteolytic activity of the enzyme is kept under control by an 
excess of inhibitors present in plasma and other secretions. 
However, some disorders result in a local deficiency cr 
inactivation of inhibitor which leads to an imbalance in the 
ratio of inhibitor to elastase, resulting in tissue 

25 destruction. 

The balance may be restored employing protease inhibitors, 
for instance those provided by the invention. 

Furthermore, in the replication cycle of HIV, the 
proteolytic cleavage_Gf- the _gag_and ens. precursors is an_ 
30 • important step. Development of inhibitors of these proteases is 
a rationale in anti -viral drug development. Study-objectives 
evaluating anti-viral capacity of potential substances is 

therefore valuable. 

Various substances extracted from leeches are known to 
35 have useful biological activity. These were reviewed by Sawyer, 
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(Sawyer, 1990). Essenti-a-l-ly-two-g«3ups of activity can be 
recognised. The first group comprises antithrombotic and 
fibrinolytic activities, the second group comprises enzymes and 
inhibitors. Well known representatives of the first group 
include for instance Hirudin, a thrombin inhibitor, (Markwardt, 
1956; 1988; Petersen, et al, 1984); Hementin, a fibrinolytic 
agent (Budzynski, et al , 1981; Kirschbaum 6 Budzynski, 1990); 
Antistasin, an inhibitor of coagulation factor Xa (Gasic, et 
al, 19 83), which was reported to have antimetastatic properties 
as well; Gilanten, another factor X inhibitor (Condra, et al , 
1989; Blankenship, et al, 1990). Representatives of the second 
group are: Bdellin, an inhibitor of trypsin and plasmin (Fritz 
& Krejci, 1976); Eglin, an inhibitor of chymotrypsin , elastase 
and Cathepsin G (Seemuller, 1979); Orgelase, an hyaluronidase 

15 (Sawyer; 19 86). 

More recently several additions in this field have been 
published in patent literature: A fibrinolytic enzyme isolated 
from Hirudo medicinalis , which splits Glutamyl -Lysin sequences 
(EP 0502876); a platelet adhesion inhibitor, isolated from 
Hirudo medicinalis, which inhibits cci lagen- induced platelet 
aggregation ( EP 0552269): a thrombin inhibitor from the leech 
Hirudinaria manillensis (PCT/GB89/0I34 5 ) : an inhibitor of 
platelet aggregation from leeches from the Hirudinidae family 
(EP 0348208); an anticoagulant/modulator factor isolated iron 
Hirudo medicinalis ( EP 0352903); A chymotrypsin- and elastase 
inhibitor from Hirudinaria manillensis (PCT/NL90/00046 ) . 

This invention provides novel protease- inhibitors and 
other biologically active substances, as well as pharmaceutical 
and cosmetic preparations containing one or more of these 
compounds. In one aspect the invention provides substances 
having protease _ inhrb~5ting activity obtainable from Limnatis 
Nilotica or fragments or derivatives of such substance having 

similar activity. 

Such substances can be derived from all body parts and 
35 secretions of the leech, inclusive saliva and gut-, intestinal - 
and skin secretions and mucus. 
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These novel Elastase/chymotrypsin- and trypsin- inhibitors 
according to part of this invention can be typically isolated 
from leech tissue by solvent extraction -techniques ; 
alternatively they may be isolated from leech secretions (such 
5 as leech saliva), although the invention is not limited to 
specific ways of obtaining the novel protease - inhib itors . 
In a further embodiment the invention provides such a novel 
protease inhibitor which is of a proteinaceous oi polypeptide - 
like nature. Preferably said proteinaceous substance includes 
.0 at least a part of the following amino acid sequence: (1) (N- 

5 10 
terminal) Asp-Asp-Asn-Cys-Gly-Gly-Lys-Val-Cys-Ser-Lys-Gly-Gln- 

15 20 25 

Leu-Cvs-His-Asp-Gly-His-Cys-Glu-Cys-Thr-Pro-Ile-Arg-Cys-Leu- 

30 35 40 

Ile-Phe-Cys-Pro-Asn-Giy-Phe-Ala-Val-Asp-Glu-Asn-Gly-Cys-Glu- 

45 50 
Leu-Pro-Cvs-Ser-Cvs-Lys-His-Gln :( Carboxy- terminal ) or (2) 

1*5 10 15 

Asp-Aafi-Afifi-Cys-Gly-Gly-Gln-Val-Cys-Ser-Lys-Gly-Gln-Leu-Cys- 

Gly Asn 

16 20 25 30 

Val-Asp-Gly-Gln-Cys-Lys-Cys-Thr-Pro-Iie-f.rg-Q.-s-Hrg-Ile-Tyr- 

-> - 40 4 5 

31 3d ^ 

25 C ys-Pro-Lys-Gly-Phe-Glu-Val-Asp?-Glu-Asn-Gly-Cys-Glu-Leu-Pro- 

46 50 
Cys-Thr-Cys-Lys?-Gln? although it will be clear that the 
activities are the really important features of this invention, 
so that mutations, isoforms, derivatives, such as salts, 
30 fragments_or even peptidomimetics and anti- idiotypic or 
"catalytic^antibodies are atso a part of this invention .- 

For the definition of isoforms or mutants, one has to 
understand that by biologic evolution enzymatic and other 
systems active molecules are subject to continuous phylogeneti 
35 development. It is in this understanding, that ve define 
isoforms or mutant forms of these molecules . The primary 
structure (1) as reported here is one of three or four 
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isoforms, which have large conformity, and are being defined by 
molecule weight and amino acid sequence. The same may be true 
for ( 2 ) . 

A number of isoforms of (1) are identified below. The novel 
protease -inhibitors can be applied in the known applications 
for such substances. They can be suitably formulated into 
pharmaceutical compositions, which may comprise suitable 
excipients for administration. Administration may be 
accomplished in any suitable manner, although for proteinaceous 
substances in systemic applications parenteral routes are 
preferred. Dosages for these substances can be taken from the 
literature and designed on the basis of specific activities of 
the substances, the molecular weight of these substances, the 
weight of the subject to be treated, the kind of application, 
15 etc. Dosages will usually lie between 0.1 Hg/kg and 10 rng/kg 
bodyweight . 

Nucleic acid molecules encoding substances according to 
this invention are also provided. They can be used for 
detection of the gene encoding the substance, for expression of 
20 the substance in suitable host cells and for preparing site- 
directed mutants. Si te~ directed mutations are often useful in 
that they can increase activity and/cr stability of the encoded 
substance . 

There are many suitable expression systems for expression 
25 of substances according to the. invention . Although expression 
in host cells is preferred, it is also possible to employ cell- 
free expression systems. Suitable host cells may be prokaryotic 
or eukaryotic since it appears that the proteinaceous 
substances according to the invention are not glycosylated or 
30 modified post-translationally in any other way, although a 

signal sequence may be present. Usually a nucleic acid- -to be _ 
expressed is provided in a vehicle for expression, such as a 
vector, whereby regulatory elements are provided, such as 
promoters, enhancers, and the like. 
35 A nucleic acid molecule and some alternatives thereof which 

encode a substance according to the invention are given below: 
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CTR CTR TTR ACR CQ CCN TTY CAN ACR AGN TCR TTY CCN GTY AAY GAN 
ACR GTR CTR CCN GU ACR CTY ACR TGN GGN TAD GCN TCY ACR AAY GAN 
TAD AAR ACR CGN TH CCN AAR CGN CAN CTR CTY TTR CCN ACR CTY AAY 
GAN GGN ACR AGN TO ACR TTY GTR GTY 
5 whereby R=A/G , N^C/G/T, Y=C/T, D=A/G/T , 
or a sequence havig 70% homology therewith. 

10 During applicants' routine research work with cultures of 

various bacteria -secies , screening methods for new antibiotics 
were used. While ^searching on the bacterium Aeromonas 
hydrophila species which is a common bacteria from freshwater 
fish, waterfowl a* leeches, an "auto"-antibiotic effect on 
15 Aeromonas isolatedf rom leeches was surprisingly found. Blood 

nutrient plates eflJed with monocultures of A. hydrophila showed 
blank and develops? areas, where entmg was performed. It 
appeared that theiiank areas were contaminated with some 
substances from tk host (leeches), which prohibited bacterial 
20 growth in the conteninated areas. After further searching this 
activity seemed toarise from body -derived substances of the 
leech under investigation, which was harbouring the colony of 
Aeromonas. Applicant subsequently identified the original 
secretive elementsof the leech body, isolated and purified the 
25 said factors, andiiscovered other biologic activities from 

this family of sutetances, which was named Fahsin - it was soon 
clear, that beside the said antibiotic effect, the substance 
was also biologioily active as a protease inhibitor. The 
species of leech h which the substance was found belongs to 
30 the family of hirriinidae, and was designated as Lijnnatis 
- nilotica. The sa 2 purification of the_sufestance f^ally.- 
revealed a new faaly of proteins, which was not earlier 
described. This fenily of proteins comprises 50/51 amino acids, 
and they occur invarious isoforms, where substitutions have 
35 taken place in tta structure at various places as described. 

Other substaces having a low antigenic or non-antigenic 
effect when usedas therapeuticum were isolated. 
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L Nilotica (Savigny, 1820, as following from Autrum 1936) 
is described as a "nasal leech" or horse leech (Mouquin-Tandon 
1846). It was signalled to be present in the whole littoral 
area of the Mediteranean ( Harant, 1929; Jarry, 1959). It 
5 lives in spring fountains and "oueds", and feeds on cattle, 
dogs and man ( Blaise, 1874/5; Neveu & Lernaire, 1938; Turner, 
1969; Keegan, et al, 1970). 

Amazingly, the feeding habits of this leech differ from 
other haemotophaguous leeches.lt remains attached to its host 

10 (nasal - and laryngeal cavity) for prolonged periods (weeks 
subs, months). The animal feeds whenever it feels like doing 
so on its host repeatedly. We have observed that drinking 
cattle was infected with these leeches, which did not drop off 
while the cattle was drinking water. Only thick, fat, adult- 

15 size leeches do drop off at such occasions . Therefore, it is 
clear that this species of leech is mostly free of antigenic 
or immunogenic substances in its mucus or salivary gland 
product. Reports of host animals dying from this species of 
leech mention anaemia as a common cause, but to our knowledge 

20 no direct antigenic effect has been described. 

The cycle of development of these leeches from hatchiing 
Xo the reproductive phase spans over a rev months in 
summertime only (Ghedia, 1984). 

It was further observed, that these leeches, held ir. 

25 captivity, could be fed by heparinized blood from the 

slaughterhouse in animal gut preparations. Sacrificed leeches 
which did not feed on blood for several months, still 
contained more or less liquid blood in crop and gut. 
Therefore, these leeches must produce anticoagulant 

30 substances . 

~We~ further observecT ' t ha t^his~~s peeves of leech, held^Ln 
captivity, was able to feed on blood clots. Several leeches 
did grow from hatchling to full-size leech under this regimen. 
After feeding, the remains of the blood clots are literally 

35 pierced. Therefore, we believe, that these leeches also 

produce substances to dissolve blood clots, f.e. by dissolving 
fibrin . 
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The present description reveals the unique primary 
sequence of the protein of formula (1), subject of this 
invention, its isolation and purification, its specific 
activities, its production through gene cloning and expression. 
5 Applicant specifically intends that this protein EaJisin, as 

invented, and described herein, includes such substance however 
produced, be it through sequential and on block synthesis or 
through gene cloning and expression. 

The present invention also provides the primary sequence 
10 of the proteins/peptides of formula (2) and its specific 

activities (especially the inhibition of trypsin and plasmin) . 
These peptides belonging to the Fahsin family of course also 
belong to the invention, regardless of their origin or way of 
production . 
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Description of isolation 



1. Frozen Limnatis nilotica (300 g) were dehydrated in 94°. 
ethyLalcohol at room temperature: using three changes or total 
400 ml. 100 ml of the ethanol extract was lyophilized ir. 
vials, after adding 300 ml destillated water. (One can also, 
as an alternative, use the chopped heads of these leeches, or 
use activated mucus secretions from the live leeches, by 
immersing them for one hour in 150 mM NaCl, 1C mil Argir.ir. and 
25 20 mM Phosphate buffer, at pH 7.0 at room temperature, or 

immersing the live leeches in 4% ethylalcohol for ten minutes, 
and collecting the large mucus secretions then produced) and 
thereafter lyophilized) . All methods resulting in obtaining 
lyophilized base material. 
30 2. Prior lyophilized base material underwent solubility 
tests after "resuspension of^he base materialman 1) 0.1 M 
Acetic Acid, 2) 50% Acetic Acid and 3) 0.1 M 
Ammoniumbicarbonate and after centrif ugation of the various 
suspensions, supernatants and pellets ( after resuspension). 
35 Thereafter these were tested on the presence of protein by 

analytical sequence analysis (Edman degradation with automated 
sequenator Applied Biosystems, Model 477A) (Edman, 1956; Use 
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& Edman, 1963), by applying protocolls, reagentia, chemicals 
and materials from Applied Biosystems (Warrington, OK and 
Foster City, Cal, USA) (Hewick, et al, 1981). It was 
investigated if biologic activity included anti-elastase as 
5 the described "auto-antibiotic effect" of A. hydrophila. 
Therefore, tests on inhibition of elastase activity were 
executed with dried samples of 20 \xl of supernatant and 
resuspension of pellet of the base material on elastase 
(Boehringer) and SAAAP (Fluka) as chromogenic substrate, and 
10 0.1 M Tris/HCl pH 8.2 as assay buffer. Based on the results 
obtained with the different solutions, and the inhibition of 
elastase, it was decided to use 0.1 M Hac as solution for the 
lyophilized base material and thereafter as eluens for gel 
filtration . 

15 3 15 % 0 f t he base material was resuspended in 0.1 M 

Hac. centrifuged twice and reassembled (volume ca . 28 ml). 
This was thereafter passed on a Sephadex G-75 column (length 
180 cm, diameter 1.85 cm, eluens 0.1 H Hac, fraction size ca 5 
mi, flow adjusted at ca . 0.75 ml/min. A total of 180 fractions 
20 were sampled and absorbtion measured at 233 nm and 280 nm (for 
results see Figs. 1 and 2) . 

Tests on inhibition of elastase activity were measured 
every 4 fractions on fractions no's 48 to 180, in accordance 
with the measurements under 2 hereabove. Inhibition was found 
25 at fractions no's 92 to 116. (Fig- 3). 

An analytical test sequence analysis was run on 200 ul 
from fraction no. 105 in order to estimate the quantity of 
protein available. Signals present indicated a level of ca . 50 
pmol, which indicates proteins/peptides at a level of 2 . 5 
30 nmol,_accepting 50% from initial yield. 
- ~ - X~f urther estimate of molecular mass was performed-orr- 

fractions from the Sephadex column with SDS-Page. Results are 
presented on gels no 1 , 2 and 3 (Figs. 4, 5 and 6 ) . Fractions 
50, 60, 70, 80, 90, 100 and 110 of the Sephadex G-7 5 
35 gelfiltration were used for Gel 1 (Fig. 4), fractions 88, 91, 
94, 97, 100 and 103 were used for Gel 2 (Fig.- 5) and 
fractions 106, 109, 112, 115, 118 and 121 were used for Gel 3 
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(Fig. 6). It was found that in the area of elastase inhibition 
(from fractions 92 to 116) molecular masses were estimated at 
ca. 5 kDa (see fraction 106 and 109 in Gel 3). 

A pool was thereafter made from fractions containing no's 
5 95 to 113 for further studies with: 

4 . Anhydrochymo trypsin column chromatograf y was 
performed on the previously pooled fraction no's 95 to 113. 
This pool was suspended in 6 ml 0.05 M Tris/HCl buffer, pH 
8.2, containing 0.02 Ca Cl 2 and 0.02 % Na-azide, thereafter 
10 centrifuged. The remaining pellet was resuspended with 50 ul 
8M ureum plus 950 ul H 2 0. 10 jil of the resuspended pellet and 
10 ul supernantant were passed for analytical sequence- 
analysis. After comparison of the results, it was concluded, 
that 5 - 10% of the protein as found in supernatant was 
15 present in the pellet. Inhibition of elastase could only be 

demonstrated with supernatant. Therefore, further proceedings 
took place with supernatant only. 

A portion of 50% of the pooled fractions 95 to 113 (ca. 

3 ml) was chroma tographed over 1.5 ml "immobilized 
Anhydrochymotrypsin" (Pierce, Rockford 111, USA, nr .20185) 
over a polystyreen-column (Pierce. Rockford 111. USA), 
following the instructions from the manufacturer (binding 
buffer: 0.05 M Tris-HCi buffer. P H 8.Z. with 0.02 M CaCl 2 . 
0 02% Na-azide; first elution buffer. 0.1 rormic acid. pH 2.5; 
second elution buffer: 0.05 M Tris-HCi. P H 8.2, with 0.02 M 
CaCl 2 , 0.02 Na-azide and 5 M NaSCN ; flow ca. 9.2 ml/hr; temp. 

4 °C, fraction size: ca 2 ml). The portion was eluted, after 
loading, with 30 ml binding buffer (fractions 1 - 17), 30 ml 
first elution buffer (fractions 18 - 31) 15 ml second elution 
buffer ( fractions 32 - 40) and 6 ml binding buffer (fractions 



20 



25 



30 



41 - 43) . - 

These fractions were than tested on elastase inhibition 
activity by the standard elastase assay (as follows) 
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Flafitase inhibitioi assay 



The principle ofthe assay resides in inhibition of 
elastase (Boehringer ,1027891 ) activity on the chromogenic 
5 substrate SAAAP (Flub; nr. 85975) as measured at 405 nm 
spectophotometricallyby monitoring release of the p-nitro- 
aniline group during sibstrate digestion. 

Preparation of Sottion: 

10 Assay buffer: 0.1 M lis/HCl pH 8.2, 1 M NaCl . 
Elastase: 4 0 ng/ml inH 2 0. 
Substrate: 1.0 mM SAM 5 in H 2 0. 
Glacial Acetic Acid 5ft : diluted in H 2 0. 



15 Assay procedure: 

Reaction iEtubes ( Eppendorf ) , containing 100 \il 
assay buffer, 50 \il anple elastase inhibitor, 50 >±1 elastase 
solution was started*y addition of SAAAP (25 (il , 1 mM) and 
20 incubated at 25°C for30 minutes. Thereafter the reaction was 
stopped by addition i 25 §il 50% Glacial Acetic Acid. The 
Absorbance of release p- nitroaniline was read at 405 nm. 

5. Inhibition of elstase activity was found only in 
25 fraction 19 of the tsted portion, volume of this fraction was 
ca. 1900 nl. For contol of the purity and the quantity of 
protein analytical squence analysis were performed, resulting 
in indications that .^mixture of peptides is present at a 
level of 1887 pMol, mder assumption of an initial yield of 

30 50%. _ _ 

A chroma togram ialytical HPLC of Fraction 19 is pr-esente 
in Fig. 7. Thereafter samples of peaks 5, 7, 8 and 9 were 
tested on elastase jfcibition activity as described in the 
elastase inhibition essay procedure; only fractions 7, 8 and 5 

35 showed inhibition ofelastase. Fraction 5 did not show anti- 
elastase activity b* a strong trypsin inhibition (see below) 
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15 



20 



25 



30 



11 

6. Mass Spectrometry was performed with Laser Disorption. 
Within an accuracy of 01% the following masses were found for 
these fractions : 

Fraction 5: 5377.2 and 5435.5 D (1:1 mixture) 
Fraction 7 : 5494 .4 D. 
Fraction 8: 5476.5 D . 

Fraction 9: 5385.5 and 5454.1 D {1:1 mixture). 
We have named these substances as follows: 



Fraction 5 
Fraction 7 
Fraction 8 
Fraction 9 



FAHSIN T 1/2 
FAHSIN E 1 
FAHSIN E 2 
FAHSIN E 3/4 



7. Characterization with protein sequence analysis. 
Peak 7, 8 and 9 were analysed with standard Edman degradation, 
various digestive steps ( trypsindigest , NaOH incubation tor 
Asn-Glv split, Glu-enzyme digest) led to the complete sequence 
of fraction 8, and the partial sequences of fractions 7 and 9. 
The molecules are apparently not glycosylated. 
Complete amino acid sequence of fraction 8 leads to the 
molecular mass of 5476. which corresponds well with the result 
Of the MS : 5476 . 5 . 

The incomplete amino acid analysis of fraction 7 leads to, 
(supposing: 

a) cysteines occur at the same positions as in fraction 8, 

b) all cysteines are involved in-S-S bridging, 

c) Tyr-30_is the only subs titution_within Residues 28 to Aljs 
compared to the sequence" in fraction 8, 

d) No further substitutions occur after residue 41 as compared 
to the sequence in fraction 8,) 

the calculation of a molecular mass of 5493, which corresponds 
35 well with the result of the MS: 5494.4 

The primary sequence is the following amino acid sequence of 
peak 8, which was found to be a single molecule. 
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(N-terminal) : Asp-Asp-Asn-Cys-Gly-Gly-Lys-Val-Cys-Ser-Lys-Gly- 
Gln-Leu-Cys-His-Asp-GlyHis-Cys-Glu-Cys-Thr-Pro-Ile-Arg-Cys- 
Leu-Ile-Phe-Cys-Pro-Asn-Gly-Phe-Ala-Val-Asp-Glu-Asn-Gly-Cys- 
5 Glu-Leu-Pro-Cys-Ser-Cys-Lys-His-Gln :( Carboxy- terminal) 
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Isoforas : 

1. One other single molecule isoform was found in peak 7 
(Fig. 7)/ its sequence from the N- terminus is: 

5 Asp-Asp-Asp(Cys )Gly-Gly-Gln-Val(Cys)Ser-Lys-Gly-Gln-Leu(Cys ) 
His-Asp-Gly-His(Cys)Glu(Cys)Thr-Pro-Ile-Arg(Cys, Leu, lle,Tyr, 
Cys,Pro, Asn, ???,Phe, ???,Val,Asp,Glu, ???, ???) 

2. Another isoform, which was found to be a mixture of two 
10 molecules was found in peak 9 (Fig. 7), starts from the N- 

terminus as follows: 

Asp-Asp-Asp(Cys)Gly-Gly-Lys-Val (Cys)Ser-Lys-Gly-Gln-Leu- (Cys ) ■■ 

Gly Asn Gin 
Val-Asp-Gly-His (Cys )Glu(Cys)Thr-Pro-Ile-Arg(Cys) Leu-Ile-Tyr- 
15 Gin Lys 

(Cys, Pro)Asn-Gly(Phe, Ala, Val, ???,Glu, Asn, Gly, Cys ,???,???,???) 

Further research on the nature and the activities found in 
the fractions corresponding to the peaks of Fig. 7 revealed 
20 that the fractions corresponding to the three peaks 7, 8 and 
9, had a specific (elastase) activity of 1.2 IU/mg. 1.7 IU/mg 
and 0.9 5 IU/mg, respectively. 

International units (IU) are defined as that quantity 
which reduces the enzymatic hydrolysis of SAAAP with 1 
25 jimol/min at pH 8.3 and 25 # C. 

The fraction corresponding to peak 5 of Fig. 7 which for 
obvious reasons seems of interest (it is the largest peak) was 
also tested for its elastase activity. Said specific activity 
turned out to be less than 0,06 IU/mg, which means that the 
30 fraction corresponding to peak 5 contains no (hardly any) 
elastase -activity . — ~ 

However, when further analyzing the fraction corresponding 
to peak 5, it revealed a strong activity in inhibiting 
trypsin. This trypsin inhibitory activity is at least twenty 
35 times higher than that of the fractions corresponding to peaks 
7 , 8 and/or 9 . 
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Trypsin inhibition is a very useful activity, therefor we 
analyzed the amino-acid sequences present in the fraction of 
peak 5. We found a 1:1 mixture of 2 peptides, which were 
analyzed by LD-MS in the same manner as the fractions 
5 corresponding to peaks 7, 8 and 9. The analysis revealed 
molecular weights for the two peptides of 5377.2 and 5435.5 
Dalton. 

Sequencing of the peptides revealed the following sequences: 
10 1 5 10 15 

Asp-ASE-ASE-Cys-Gly-Gly-Gln-Val-Cys-Ser-Lys-Gly-Gln-Leu-Cys- 

Gly Asn 

16 20 25 30 

Val-Asp-Gly-Gln-Cys-Lys-Cys-Thr-Pro-Ile-Arg-Cys-Arg-Ile-Tyr- 

15 31 35 40 45 

Cys-Pro-Lys-Gly-Phe-Glu-Val -Asp? -Glu -Asn -Gly -Cys-Glu- Leu- Pro- 

46 50 
Cys-Thr-Cys-Lys?-Gln? 



20 



25 



The double residues indicated at positions two and three 
indicate the existence of the earlier mentioned mixture of two 
peptides . 

These substances are named FAHSIN I 1/2. 



Amino acid analysis of fraction 5 (Fig. 7) leads to, 
(supposing: 

a) cysteines occur at the same positions as in fraction 8, 

b) all cysteines are involved in S-S bridging,) 

30 the calculation of a molecular mass of_54 37 and 5387, which 
corresponds well with the result of the MS. 
Amino Acid analysis of fraction 5 (Fig. 7) shows an unusual 
and unknown peak at between 10 and 12 minutes. It is 
speculated, that this may or may not be protein material, and 

35 may have certain biological effects not related to inhibition 
of Trypsin nor Plasmin. 
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An assay was developed for determination of the activity of 
this Trypsin inhibitor. In analogy with the elastase 
inhibition assay the preparation of the solution was as 
follows : 

5 Trypsin, Type ll-S soybean trypsin inhibitor (Sigma T 9128) 
and BAPNA (Sigma B 3279). This was further optimized to: 
trypsin solution: 120 |ig/ml; BAPNA solution 10 mM; Trypsin 
inhibitor 100 \Lg/ral and incubation at 37 °C . All other details 
were equal with the elastase inhibition assay. 

10 The (significant) replacements of residues in these two 

peptides when compared with the peptides of the fraction of 
peak 8 (and 7 and 9 as far as possible) are printed bold. 
These changes are position 28 Leu to Arg , position 33 Asn to 
Lys, position 36 Ala to Glu and possibly position 47 Ser to 

15 Thr . When compared with the amino acid sequence of the 

fraction of peak 8, the length of these fraction 5 trypsin 
inhibitors may be reduced by one carboxy- terminal residue to a 
total of fifty residues. 

20 Methods for de_.^oiQ3m synthesis. 

In order to obtain sufficient quantities of the 
compositions of matter according to the invention, one can use 
known gene technological methods (see: Sambrock. T. et al . 

25 Molecular cloning: A laboratory Manual, Cold Spring Harbor 

Press, N.Y., USA. , 1989). Four well-known methods, forming part 
of the known state of art, can be used for such synthesizing of 
the composition of matter. 

First: Chemical addition technique in which the various 

30 ^amino acids are added: peptide synthesis ( see Merrisf ield) . ^ 
~~ Second: After the synthesizing of an oligonucleotide, whreh 
bases correspond to the amino acid sequence as defined in this 
invention, such oligonucleotide is consequently built into a 
plasmid vector system, which then is brought into a useful 

35 bacterial or fungal carrier, which is then grown. Finally the 
synthesized molecule is retrieved from the cultures. 
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Third: The method for production and hybridisation of cDNA 
libraries is in the art (see: Sambrook, T, et al, Molecular 
cloning: A laboratory Manual, Cold Spring Harbor Press, 
N.Y.USA., chapters 7, 8 and 11, 16 and 17). After elaboration 
5 of such a DNA library, identification of the genome which :s 
coding for the protein sequence is searched. Thereafter, 
according to wellknown methods, the genome can be expressed in 
eukaryotic cells, yeasts, bacteries, and the protein can be 
acquired in larger quantities. 
10 Fourth: The cells producing the protein can be cultivated 

in a monoculture and the protein is derived therefrom. 
HIV- inhibition . 



Fahsin was found to be active against HIV-1 and HIV-2 
15 isolates in peripheral blood mononuclear cells (PBMC) and in 
primary macrophages . 



Experimental : 

20 Phytohaemagglutinin (PHA) stimulated PBMC from healthy 

donors were inoculated with two different HIV isolates (HIVAir.s 
37 and HIVAms 55). After a two-hour exposure to the HIV 
isolates, the inoculum was removed and serial concentrations 
Fahsin were added to the cultures. Medium was changed twice a 

25 week, fresh PMA-stimulated PBMC were added avery week. Buify- 
coats are routinely screened for viral contaminants and used 
only when negative for these contaminants, virus production in 
the ceultures was monitored with a p24 -capture ELISA , 
detecting p24 core protein of HIV. Cultures were also 

3 0 monitored for the occurence of cytopathic effects (syncytium 

formation). ~ 

High titre inocula of two primary syncytium inducing HIV 
isolates were prepared. Titers of stock were determined in a 
TCID50 assay. 

35 During the first two days after isolation of the cells, 

primary peripheral blood leukocytes were cultured in Iscove's 
Modified Dulbecco's Medium (IMDM), supplemented with 10% 
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35 



foetal calf serum (FCS), polybrene ( 5(g/ml), 
phytohaemagglutinin (5(g/ml), penicillin (100 IU/ml) and 
streptomycin (100 IU/ml). The T-cell blasts were then further 
cultured in IMDM supplemented with 10% FCS, polybrene 
(5(g/ml), recombinant IL-2 (10 U/ml>, penicillin (100 IU/«nl ) 
and streptomycin (100 IU/ml). 

A total of 107 PHA-stimulated PBMC were inoculated with 
104 TCID50/ml of the primary HIV isolates in a volume of 1 ml 
for 2 hours at 37°C. After 2 hours, cells were washed in a 
total volume of 30 ml. After centrif ugation, supernatant was 
discarded to remove non-absorbed virus. Cells were 
subsequently resuspended to a final concentration of 106/ml . 

From each cell suspension 100 ul aliquots containing 105 
cells were transferred to wells of a 966 well tissue culture 
plate. Dilutions of Fahsin were made in culture medium in such 
a wav that after addition of 50 ul to each well the final 
concentrations in the wells was 0.125 UM, 0.25 uM, 0.5 uM and 
1.0 UM. Cells that received only medium served as untreated 
control cultures. Each concentration was analyzed in four 
fold Cells were cultured in a humidified atmosphere at 37°C. 
5% CO. Addition of 105 fresh PHA stimulated PBMC and medium 
was performed on day 7. In parallel, a new dose of the same 
concentrations of Fahsin was added. 

Controls: On davs 4 and 7 , cultures were analyzed for any 
HIV- induced cytopathis effect- as reflected by the presence of 
syncytia. At days 7, and 14, 30 ul of the culture supernatant 
was harvested to analyze the presence of P 24 antigen in a p- 
24-antigen-capture-ELISA. For this, twice a week, 30 ul 
aliquots were harvested from the cultures and inactivated by 
_the addition of 30 ul 0 . 2% _Triton-X-100 . 15 Ul of Uiis mixture 
was added to wells of a 96 wellTtlSA plate coated-f or 2 hours 
at 37»C with an anti- P 24 antibody shown to recognize all HIV 
isolates. Antigen was allowed to bind during 2 hours at 37'C. 
Bound P 24 was detected with horseradish peroxidase- labelled 
rabbit-anti- P 24 immunoglobulin (90- at 37-C). Then, substrate 
(TMB) was added and after 20' , the reaction was stopped by the 
addition of H2S04 . 
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Results are presented in Figs. 8a through 8d. 

The two Fahsin substances corresponding to the tested 

substances are : 

Substance 1: Combination of Fahsin E 1*4 and Fahsin T 1-2. 
5 Substance 2 : Total leech body extract as presented under 

the deading "description of isolation". 

Results showed that both substances have inhibitory 
effects on the replication of two primary isolates HIVAms 37 
and HIVAms 55 . 

10 The results are arrived at in the following manner: 

CALCULATION OF RESULTS 

For the calculation of the percentage inhibition the following 
formula was used: 

15 

Percentage inhibition - 



p24 production in untreated cultures - 
p24 productionin cultures exposed to substance • 

20 x 100% 

p24 production in untreated cultures 

CRITERIA 



25 Cultures were considered positive if: 

Syncytia formation was observed on at least one occasion 
(cultures were examined twice a week) in combination with an 
elevated p24 antigen content in the supernatant on at least 
30_ one oceaa ion . _ 

Syncytium score: 

no syncytia observed in any of the four replicate cultures 
± syncytia observed in one out of four replicate cultures 
35 + syncytia observed in two out of four replicate cultures 

syncytia observed in three out of four replicate cultures 
+++ syncytia observed in four out of four replicate cultures 
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RESULTS 

HIV-1 induced cytopathic effects (CPE), production of P 24 
5 antigen, and calculated percentages inhibition are 
demonstrated in Tables la and lb for substance 1, in 
Tables lc and Id for substance 2. 

Data for P 24 production represent the mean of four replicate 
10 cultures . 

Cultures inoculated with lO* TCID 50 remained negative for virus 
production . 
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Comparison with known molecules . 

Comparison of the molecule (1) with known molecules from 
databanks gave the following results : 

No homology, nor identical peptide stucture was found 
5 between the sequences of Fahsin, Eglin ( Seemueller ) , and Gelin 
(PCT/NL90/46) . 

1. With Antistasin- Hydra magnipapillata (S29195): 15 
derivates identity (29.4%) in 2 9 aa overlap. 

2. With Transforming growth factor beta-1 binding protein 

10 (A35626): 15 derivates identity (29.4%) in 31 aa overlap. 

3. With Fibrillin, human (L13923 and X63556): 17 derivates 
identity (33.3%) in 52 aa overlap. 

4. With LDL receptor- related protein precursor, human 
(S02392): 10 derivates identity (19.6%) in 29 aa overlap. 

15 5. Aipha-2-macroglobulin receptor, mouse ( S25111) : 10 
derivates identity (19.6%) in 29 aa overlap. 

6. With VLDL receptor, human (D164 93 and D 16494): ~ 
derivates identity (13.7%) in 11 aa overlap. 

7. With Alpha - 2 -macroglobulin receptor, human (S30027 ): 10 
20 derivates identity (19.6%) in 29 aa overlap. 

8. With thrombospondin precursor, human (A26155): 12 
derivates identity (23.5%) in 4 8 aa overlap. 

9. With Anticoagulant Protein Ghilanten, H. Ghilianii 
(A34816) 16 derivates identity (31.4%) in 46 aa overlap. 

25 10. 

11. With Complement Pro-C3 precursor, human (A37156) 10 
derivates identity (19.6%) in 25 aa overlap. 

12. With Hepatitis C-virus mRNA (M96362) 8 derivates identity 
(15.7%) in 17 aa overlap. 

30 JJ. With Antistasin, from Haementeria officinalis (A34398 & 

_ S13904 ): 17 derivates "identity (.33.3%) "In 47 aa _ overlap. " 

Stability of the molecule Fahsin E2 . 



35 



Stability of the molecule was tested 

a) by boiling it in water at 100°C for 30 minutes 
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b) by immersion in 50% acetic acid at room temperature 

during one night, and 

c) by immersion in 0.1 M HC1 in the same conditions. 
The samples were consequently assayed with the elastase 

inhibition assay, as were blancs without inhibitor. 

Results have shown no significant decrease of inhibiting 
activity in the samples. Therefore, it was concluded, that 
this molecule is extremely resistant to degradation by high 
temperatures and strong acid. 

Possible active sites. 



A database search was performed to estimate the 
probability for the active site. Prediction of structure 

15 resulted in: 

No Helical conformation, 

15.6% in extended conformation, and 

84.3% in coil conformation 



A predicted beta-turn was likely to be the active site; as 
is usual with most serpins (exposed binding loop). Aa 28-32 
have a high probability for such an extended conformation, 
with residue 28 being the most exposed. It is known, that 
elastase inhibitors often have a Pro at P4 ' . whereas trypsin 
inhibitors have an Arg at PI. -We have concluded provisionally 
that the active site resides in Leu/Arg 28. 

Manufacturing of a synthetic peptide inclusive of the 
proposed active site gave the following evidence. 

Synthetic linear peptide: N- Acetyl -TPIRAbuLIFAbuPNGFAVD- 
amide(I), mimicking the residues 23 to 38_included, as 

elastase inhibitor and 

Synthetic linear peptide: N- Acetyl -TPIRAbuRIYAbuPKGFEVD- 
amide(II) mimicking the residues 23 to 38 included, as trypsin 
inhibitor, were produced from the C- terminus to the N-termrnus 
on a 10(«ol scale using solid-phase FMOC chemistry. The crude 
peptides are partly purified by several ether- precipitations . 
A 15-mer, 10 mg of partly purified product is obtained.. From 
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this 10 mg a part of 7 mg consists of peptide material, of 
which at least 50% of the desired full length product, and a 
part of 3 mg of salts and remaining solvent (mainly water). 

The quality of the final product was checked by sequence 
5 analysis, aminoacid analysis, LD-MS and RP-HPLC 

Synthetic peptide I (elastase inhibitor) shows a dose- 
dependent inhibition of elastase activity. Specific 
effectivity is about a factor 5,000 less than the native 
molecule, which is indicating both the active site and high 
10 efficiency of the synthetic peptide. 

Synthetic peptide II (trypsin inhibitor) shows a dose- 
dependent inhibition of trypsin activity. Specific effectivity 
is about a factor 1,500 less than the native molecule, which 
is indicating both the active site and an even higher 
15 effeciency of the synthetic peptide. 

Range of activities . 

Fahsin E 1-4 was found to be strongly active as an 
20 inhibitor of human neutrophil elastase, pancreas elastase, 

chymotrypsin, but not of pepsin. Fahsin 7 1-2 was found to be 
strongly active as an inhibitor of trypsin and plasmin . Fahsin 
was found to have strong antibiotic activity against Aeromonas 
species. Elastase inhibitory activity of Fahsin was measured 
25 by inhibition of the release of the p-nitroanilirie group from 
the synthetic substrate N- succinyl- ( Ala ) 3 -p- nitroani lide 
( SAAAP ) (Calbiochem) , catalyzed by pancreatic elastase and 
human neutrophil elastase respectively. Chymotrypsin 
inhibition activity of Fahsin was measured by the use of the 
_3G- synthetic substrate S-258L6 ( Kabi Vitrum) . Trypsin activity of 
Fahsin was measured by the use of the synthetic substrate S- 
2238 (Kabi Vitrum). pepsin' activity of Fahsin was measured by 
the use of a haemoglobin substrate. Trypsin inhibition 
activity was determined using the BAPNA assay. Plasmin 
35 inhibition activity of Fahsin was related with the Trypsin 

inhibition activity and measured by the use of the chromogenic 
substrate D-Val-Leusyl-Lys-pNA (Othodiagnostics ) . 
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Fahsin was also found to be active against HIV-1 and -2 
replication in peripheral blood mononuclear cells (PBMC) and 
in primary macrophages. The inhibition was experimentally 
achieved by inoculation of PBMC from healthy donors with HIV 
5 isolates HIVA.-.S 37 and HIVAms 55. 

inhibition was detected by the occurence of HIV- induced 
cytopathic effects (syncytium formation) in cultures with 
dilution series of the various Fahsin substances, as well as 
the p24 antigen capture ELISA. 
10 Fahsin was also found to be able to dissolve fibrin. This 

was measured by the use of Cow's thrombin (Sigma T 6634) which 
was incubated with Cow's fibrinogen (Miles 82-0222-4), leaving 
stable fibrin clots. After incubation of this clot with the 
protein, which subsequently led to the measurement of free 
15 protein substance. This is in agreement with our macroscopic 
observations of clot-lysing potential of the live leech. 

Fahsin was also found to be an effective thrombin 
inhibitor. This activity was determined by measuring the 
inhibition of the clotting activity of thrombin upon 
20 fibrinogen as was earlier described (Markwardt, 1970) . 

All substances Fahsin from L nilotica have low potentia, 
for antigenic effect, as was oberved from the remarkable way 
of living of this leech. Therefore, therapeutic use oi 
(natural) molecules from L nilotica as described herewith. 
25 -and (natural) molecules from L nilotica still being 

determined-, as well as natural and synthetic mimxcks or these 
natural molecules, will have a low immunogenicity. 



WO 96/13585 



PCT/EIP95/04223 



24 

Literature: 

o Autrum H. : Hirudineen. Systematik. In Bronn r s Klassen und 
Ordnungen des Tierreichs, Bd. 4 abt. Ill, Buch 4 , T. 1 1936: 1- 
5 96. 

o Blaise M, : Accidents occasionnes par les sang-sues.J Med 
Vet militaire 1874-1875; 10. 

o Blankenship D.T., Brankamp R.G., Manley G.D., Cardin A.D.: 
Amino sequence of ghilanten: anticoagulantantiraetastatic 
10 principle of the South-American leech Haementeria ghilianii. 
Biophys Res Comm 1990; 166: 1384. 

• Budzynski A.z., Olexa S.A., Brizuela B.S., Sawyer R.T., Stent 
G.S.: Anticoagulant and fibrinolytic properties of salivary 
proteins from the leech Haementeria ghilianii. Proc Soc Exp 

15 Biol Med 1981; 168: 266. 

• Condra C, Nutt E . . Petrowski C.J., Simpson E. , Friedman 

P. A., Jacobs J.W.: Isolation and structural characterisation of 
a potent inhibitor of coagulation factor Xa from the leech 
Haementeria ghilianii. Thromb Haemost 1989; 61: 437. 

20 • Edman P. Acta Chem Scand 1956; 10: 761-768. 

o Fritz K., Krejci K. : Trypsin -plasmin inhibitors (Bdellins) 
from leeches. Meth Enzymol 1976: 45: *?9^ . 
o Gas ic G.J.. Viner E.D., Budzynski A.Z., Gasic G.P.: 
Inhibition of lung tumour colonisation by leech salivary gland 

25 extracts from haementeria ghilianii. Cancer research 1983; 43: 
1633 . 

o Ghedia S . : Contribution % 1 ' Etude des Hirudinees .Thesis , Sidi 
Thabet, Tunisie, 1984. 

. Hewick R.M. , Hunkapiller M.W., Hood L.E., Dreyer W.J.: J 
TO SSbl Chem 1981, 15^ 7990-7997. _ - 

- Harant H.:Essai sur les Hirunidfces. Arch Soc Sci Montpellier 
1927, 10 : 1-76. 

• Use D., Edman P.:Aust J Chem 1963, 16: 411-416. 
o Jarry D. : Sur la presence de Limnatis nilotica dans un oued 
35 meditarraneen: la baillaurie a Banyuls-sur-Mer . Bull Soc Zool 
Fr 1959, 84; 73-76. 



WO 96/13585 



PCT/EP95/04223 



25 

. Keegan H.L., Radke G. , Murphy D . A. : Nasal leech infestation 
in man Am J Trop Med Hyg 1970, 19-6: 1029-1030. 
. Kirschbaum N.E., Budzynski A.Z. : A unique proteolytic 
fragment of human fibrinogen containing the Aa-COOH -terminal 
5 domain of the native molecule. J Biol Chem 1990; 265: 489. 

. Markwardt F: Die antagonistische Wirkung des Hirudins gegen 
Thrombin in vivo. Naturwissenschaf ten 1956; 43: 111. 
. Markwardt F: Hirudin as an inhibitor of Thrombin. Meth 
Enzymol 1970; XIX: 924. 
10 • Markwardt F: The come-back of hirudin: an old established 
anticoagulant agent. Folia Haematol 1988; 115: 10-23. 
. Mouquin-Tandon A . : Monographie de la famille des HirunidEes. 
Paris, 1846. 

• Neveu-Lemaire. :Traite d ' entomologie medicinale et 

15 veterinaire . 1938 . 

• Petersen T.E., Roberts H.R.. Sotrup- Jensen L. . Magnussor. S.: 
Primary structure of hirudin, a t hrombinspeci f ic inhibitor. In 
Protides of the biological fluids. Ed: Peters. Pergamon Oxford 
1975: 145-149. 

20 • Seemuller U . : Inhibitoren aus dem Blutegel Hirudo medicinal! 

mit Hemmwirkung gegen chymotrypsin , subtilisir.. und aie 

menschlichen Granulozytenproteasen elastase und kathepsin G. 

Ph D Dissertation. Munich University. 1979. 

. Turner F.M, : Pharyngial leeches .The Lancet 1969. dec ' 2~ , 
25 1400-1401. 



WO 96/13585 



PCT/EP95/04223 



26 



CLAIMS . 



1. A substance having protease inhibiting activity obtainable 
from Limnatls Nilotica or a fragment or derivative of such a 
substance having similar activity. 

2. A substance according to claim 1 which is proteinaceous or 
5 polypeptide -like . 

3. A proteinaceous or polypetide- like substance according to 
claim 2, which comprises at least part of one of the following 
amino acid sequences 

DDNCGGKVCSKGQLCHDGHCECTPIRCLIFCPNGFAVDENGCELPCSCKHQ 
10 DDDCGGQVCSKGQLCVDGQCKCTPIRCRI YCPKGFEVDENGCELPCTCLQ 
DGNCGGQVCSKGQLCVDGQCKCTPIRCRIYCPKGFEVDENGCELPCTCLQ 
or such a sequence which contains one or more conventional 
amino acid substitutions. 

4. A substance according to anyone of the aforegoing claims 
15 which in particular inhibits elastase, chymotrypsin, trypsin or 

thrombin , plasmin . 

5. A substance according to anyone of claims 1-3, which 
dissolves f ibrin/f ibrinogen . 

6. A substance according to anyone of claims 1-3. wnich 
20 inhbits the replication of human immunodeficiency virus i:: 

human cells . 

7. A substance according to anyone of claims 1-3, having 
antibiotic activity. 

8. A substance according to any one of the aforegoing claims 
25 for use as a therapeutic. 

9. A pharmaceutical compositioiL-.comprising-a substance 
according to anyone of claims 1-7 together with suitable 
excipients . 

10. Use of a substance according to anyone of claims 1-7 m 
30 the preparation of a medicament for the treatment of Diabetes 

Mellitus, blood clotting disorders, disorders of neutrophil 
function, rheumatoid arthritis, Human Immunodeficiency Virus 
infections, or other immunological or inflammatory disorders. 
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11. A nucleic acid molecule encoding at least part of a 
proteinaceous or polypeptide- like substance according to 
claim 3 . 

12. A nucleic acid molecule according to claim 11, comprising 
at least part of the following sequence 

CTR CTR TTR ACR CCN CCN TTY CAN ACR AGN TTY CCN GTY AAY ACR GTR 
CTR CCN GTR ACR CTY ACR TGN GGN TAD GCN ACR AAY TAD AAR ACR CGN 
TTR CCN AAR CGN CAN CTR CTY TTR CCN ACR CTY AAY GGN ACR AGN ACR 
TTY GTR GTY 

whereby R=A/G , N=A/C/G/T, Y=C/T, D=A/G/T, 
or a sequence having 70% homolgy therewith. 

13. An expression vector comprising a nucleic acid molecule 
according to claim 11 or 12 together with suitable control 
elements for expression. 

15 14. An expression system for expressing at least part of a 

substance according to claim 3. comprising an expression vector 
according to claim 13 and an expression mechanism. 

15. An expression system according to claim 14, wherein the 
expression system is a recombinant host cell. 

16. An antibody which specifically recognizes a substance 
according to anyone of claims 1-7. 

17. An anti- idiotypic antibody mimicking at least an epitope 
of a substance according to any one or claims 1-7. 

18. An anti -idiotypic antibody mimicking at least an activity 
of a substance according to any one of claims 1-7. 



20 



WO 96/135S6 



1/10 



PCT/EP95/04223 



co o 

< < 




o 
< 

DC 



CO o 

co oo 

CvJ CNJ 
< < 



SUBSTITUTE SHEET (RULE 26) 



WO 96/1 J585 



PCT/EP95/04223 



2/10 



No 


A2 AO 


1 
I 

A2 3 3 1 


Wo. 

i 


A2ft0 


A?. ~t ' J . 




"3 A 






62 




.096 




7 1 


n n in 


• W J o 


63 


. 007 


.102 




*"* 


n r\ i 


. UJX 


64 


q r> —\ 


. C30 




33 




. U4 / 




. 003 


.093 




J 4 


u , Uuz 


■ U 4 / 


6 6 


. 0 1 s 


.105 




^ s 


o n n 2 




6V 


. 02 0 


.lot 




j b 






^ w 

J o 


.009 


.099 




~i "7 


- n nni 


n/i ^ 




. 004 


. 092 




1 O 


r\ n Ac 


. U 4 1/ 


■7 O 
/ v> 


. 001 


.082 




i r\ 








rv r\ i 






40 


' • UUJL 


- 0*1 / 


/ 


0 00 

• \J \J w 


.073 t 


4 1 


~ . G 01 


. 043 




• V*/ k> w 


.Goo 1 


4 £ 




. 042 


7 4 

( 


. 000 


.063 j 


4 




. U 4 c.- 


I 

i 


. U J l J 


. i> t> j 


44 


11 l J K 


OA 


1 i« 
l 


. 002 


. 0^4 1 


4 5 




. U 4 U | 


1 


. 008 


.065 ' 








1 no 

1 


. 009 


06 £ 1 


4 7 


. 013 




i ' ^ 


Ann 
■ w w 


. u / — | 


4 G 




. J. J--x 


! 

| o ^ 
1 


HI 


. L> ' — 1 


49 


. 020 


~, C 

. 2 ub 


1 0 jl 


. ■' 


.0?" i 


1 5 0 


. 019 


. Z *i 


I 

ij 


. U X v< 




1 EL 1 


0 2 2 




II -HI 


.014 










II 


. U 14 


, i u t i 


1 C "J 


O 1 Q 




i 
i 


. 009 


10 9 1 


CI /l 

04 






| 86 


■ Vuf J- ^ 


.116 | 


55 




• a- <- 


1 o~> 

1 


■ \^ ~> 


. J. 4~ ^/ 1 


56 _ 


009 


.103 


1 88 


.014 


. 1-5 U 1 


57 


. 013 


. 104 


1 

1 

1 


. 015 


. 1 3 o i 


56 


. 003 


. 096 


1 9 0 


.016 


.142 j 


by 


. 00t> 


, 09y 


II 

II yj 


. 1 J X 4 


. 14 U ! 


60 


. 005 


100 


II a? 
II 


. 015 


. 1 ? 5 1 


1 61 


. 017 


. 093 


II 93 


.013 


.131 i 



A 280/233 absorption of Seohadex f race ions 30 -S3 



SUBSTITUTE SHEET (RULE 26) 



WO 96/13585 



PCT7EP95/04223 



3/10 

Fig. 2b 
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fig. 3 
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